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(57) ABSTRACT

A systems and method for printer calibration creates linear-
1zation tables by receiving optical density related measure-
ments for a primary 1nk in a group of one or more print heads
printing with the primary ink, selecting from the group of
print heads at least two print heads that deliver a range of
optical densities when printing with the one or more primary
ink, generating prebuilt linearization tables corresponding to
the at least two print heads that compensate for different ink
drop weights printed by the at least two print heads, and
providing the prebuilt linearization tables and at least a
portion of the optical density related measurements to a
calibration routine that interpolates the prebuilt linearization
tables to create an actual linearization table for the primary
ink printed by a print head. The prebuilt linearization tables
and measurements related to optical density calibrate a
primary ink printed by a print head, by receiving two or
more prebuilt linearization tables for a corresponding two or
more print heads that compensate for different ink drop
welghts printed by the two or more print heads, determining
a measurement related to optical density when the print head
prints the primary 1nk at a selected gray level, comparing the
measurement related to optical density produced by the print
head with measurements related to optical density when the
two or more print heads print the primary 1nk at the selected
oray level, and estimating the linearization table for the

Chan ....cocoevvvvvvininnnnnn. 358/518 . . o N
Lloyd et al 358/501 primary 1nk based upon the prebuilt linearization tables for
Iietal ... 347/19 the two or more print heads and the comparison of the
AKIyama ..................... 347/19 measurement related to optical density of the print head and
Wuetal. .o.ovvveenennnnn, 358/1.9 the two or more print heads.
29 Claims, 9 Drawing Sheets
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CALIBRATION METHOD AND APPARATUS
USING INTERPOLATION

BACKGROUND

Printer calibration has become an important topic as print
resolution and color reproduction improve 1n printers. Color
calibration compensates for color inconsistency due to
manufacturing variations in ink drop weight, ink chemistry
and the environmental effects of temperature and humadity
on the printing process. For example, ink drop weight
produced by different print heads often varies as a result of
minute manufacturing differences 1n the size of the nozzles
used 1n an 1nkjet print head, different resistor characteristics
in the heater element used to eject the ink droplets 1n the
inkjet print head, variations in the orifice shape, or any other
difference from one print head to another. Differences 1n the
ink chemistry combined with temperature and humidity also
alfects the final color appearance when applied to a print
medium. To accommodate these factors, color calibration
modifies the number of 1k drops during printing to make
color printing more consistent.

Techniques for color calibration may be time consuming.
In some techniques, a non-trivial number of printer test
patches are printed in the primary ink or color being cali-
brated 1n the print head. For a four color pen, producing a
test ramp can include at least 17 patches for each pen having
an increment 1n gray level of 16 units between each of the
ogradients or a total of 68 patches.

If the printer mechanism 1s able to conduct the print
medium forward and then in reverse, the different patches
arc printed and then reversed for measurement by the
embedded sensor on the printer. However, if the printer does
not have a paper reverse feature, each portion of the test
patch may be printed swath by swath and then allowed to dry
prior to taking sensor measurements. This can take a non-
negligible time as a four-color pen involves printing 17
patches for 4 different colors, or a total of 68 patches. For
print heads using a greater number of pens, an even longer
time period may be involved as significantly more patches
must be printed. For example, a six-color pen (i.c.,
CcMmYK) involves printing 17 patches for each of the 6
colors for a total of 102 patches.

Even when the patches are printed, an additional time
delay 1s incurred as they are scanned and processed. An
embedded sensor built into the printer and mounted by the
print head takes time to scan the patches and detect the
optical density of the ink printed. Of course, some people
will not run these calibration routines as the time delay for
printing, sensing, and processing the numerous patches 1s
significant. Accordingly, these printers will not be properly
calibrated and will produce mconsistent colors and less-than
optimal print results.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a printer calibration system
designed in accordance with one implementation of the
present mvention;

FIG. 2 1s a flow chart diagram of the operations to create
prebuilt linearization tables 1n accordance with one 1mple-
mentation of the present mmvention;

FIG. 3 1s a flow chart diagram of the operations associated
with performing a printer calibration 1n accordance with one
implementation of the present invention;

FIG. 4 1s a flow chart diagram to generate an actual
linearization table for a primary ink in accordance with one
implementation of the present invention;
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FIG. 5A depicts a ramp of test patches used for measuring,
a primary 1nk 1n accordance with one implementation of the
present 1nvention;

FIG. 5B 1s a graph depicting the relationship between gray
levels and the measured L* values for a primary ink in
accordance with one implementation of the present mven-
tion;

FIG. 6 1s another graph depicting an example prebuilt
linearization table used 1n one implementation of the present
mvention;

FIG. 7 1s a graph used to identify an interpolation factor
from several curves measuring L* for different ink drop
welght pens;

FIG. 8 1s another graph depicting several prebuilt linear-
1zation tables and an actual linearization table 1n accordance

with one 1mplementation of the present invention; and

FIG. 9 1s a block diagram of a system used by one
implementation of the present mvention for calibrating a
primary 1nk used by a printer.

DETAILED DESCRIPTION

Aspects of the present invention provide one or more of
the following advantages used in calibrating color printing
system. First, calibration can be done more rapidly using
implementations of the present mvention by printing and
measuring a single patch rather than a ramp of gray levels.
This single patch facilitates rapid and accurate color cali-
bration without special hardware or increased costs. Further,
printers do not need to conduct paper backward to print
different patches as only a single patch of the primary ink
may be printed. This makes a calibration using 1implemen-
tations of the present invention more time and cost-effective
while maintaining compatibility with a wide range of print-
erS.

FIG. 1 1s a block diagram of a printer calibration system
designed in accordance with one implementation of the
present invention. System 100 1n FIG. 1 1llustrates an offline
portion 101 that operates prior to calibrating the printer and
an online portion 103 used when a print head and printer
combination 1s calibrated. For example, offline portion 101
includes operations and systems typically used by imple-
mentations of the present invention during manufacture or
design. Online portion 103 includes operations performed
subsequently when a printer calibration is requested.

Offline portion 101 1n FIG. 1 mcludes a group of print
heads 102, a prebuilt linearization table generator 104, and
prebuilt linearization tables 106. Group of print heads 102
includes a representative set of print heads that print ditfer-
ent ink drop weights ranging from an inkjet print head with
a low drop weight 108 (i.e., low print head 108), an inkjet
print head with a nominal drop weight 110 (i.e., nominal
print head 110), and an inkjet print head with a high drop
weight 112 (high print head 112). Each print head in group
of print heads 102 may be individually mounted, operated
and measured.

Inherent manufacturing imperfections and environmental
conditions can affect the accuracy and consistency of print-
ing within the same model or make of print heads. For
example, variations in the nozzle used to deliver ink can
produce 1nk drops of different size and weight. Variations in
temperature, humidity, and ink chemistry or composition
can also play a role in print results and characteristics. To
accommodate for those variables, one implementation of the
present mvention selects low print head 108, nominal print

head 110, and high print head 112. Each print head 1is
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operated and measured 1n accordance with implementations
of the present invention. Linearization table generator 104
creates a number of prebuilt linearization tables from the
results of these measurements. In the particular implemen-
tation described, prebuilt linearization tables 106 include a
prebuilt linearization table 114 (low drop weight), a prebuilt
linearization table 116 (nominal drop weight), and a prebuilt
linearization table 118 (high drop weight). For increased
accuracy, alternate implementations can use a greater num-
ber of print heads from group of print heads 102 and create
a correspondingly greater number of prebuilt linearization

tables 1n prebuilt linearization tables 106.

Prebuilt linearization tables 106 created 1n ofiline portion
101 are used 1 online portion 103 when printer calibration
1s requested or desired. Online portion 103 m this example
includes a computer system 120, an interpolated lineariza-
tfion table 122, a printer 126 having a print head 128 and a
sensor 130, and a medium 124 for printing. As 1llustrated,
interpolated linearization table 122 can be accessed by either
computer system 120 or printer 126. Alternatively, interpo-
lated linearization table 122 can be stored directly on either
computer system 120 or printer 126 depending on the design
requirements. Similarly, prebuilt linearization tables 106
from offline portion 101 can be stored in memory on printer
126 or computer system 120. Further, a calibration routine
designed 1n accordance with implementations of the present
invention can be executed on a processor within computer
system 120, printer 126 or a combination thereof

In operation, printer 126 prints a test patch in a primary
ink using print head 128 and then uses sensor 130 to measure
the ink drop weight printed on medium 124 1 terms of L*
in the CIE L*a*b* color space. L* 1s a term that measures
the luminosity and 1s sometimes considered a measure of
“brightness.” Sensor 130 may be an embedded light sensor
in printer 126. The L* measurement made by sensor 130 1s
plotted against a series of gray levels and compared with L*
measurement for low print head 108, nominal print head
110, and high print head 112 respectively to identify an
interpolation factor. This interpolation factor 1s used to
interpolate between selected prebuilt linearization tables 106
in accordance with implementations of the present invention
and produce a linearization table for a primary ink being
printed. In general, the role of a linearization table 1s to
receive an input gray level for printing a primary ink and
provide a compensated output gray level calculated to print
with a substantially straight-line relationship of L* to the
input gray level.

FIG. 2 1s a flow chart diagram of the operations for
creating prebuilt linearization tables 1n accordance with one
implementation of the present invention. Initially, a group of
inkjet print heads are manufactured providing different ink
drop weights (202). These different ink drop weights can be
attributed to manufacturing differences in the printer com-
ponents. The print heads are generally manufactured within
a tolerance that can be calibrated 1n accordance with imple-
mentations of the present invention.

From the group of inkjet print heads, a representative set
of print heads are selected and categorized based on the
different ink drop weights they produce (204). In one
implementation, three print heads are selected representing
a low ink drop weight (hereinafter, a low print head), a
nominal ink drop weight (hereinafter, a nominal print head),
and a print head producing a high ink drop weight
(hereinafter, a high print head) for one or more primary inks.
In an alternate implementation, more than three print heads
can also be used 1n the representative set of print heads. The
number of print heads selected may depend on the costs for

10

15

20

25

30

35

40

45

50

55

60

65

4

producing the calibration system and the accuracy required
when calibrating the primary inks. For example, using more
print heads increases the costs and processing time required
to perform the calibration but increases the accuracy of the
calibration process 1n accordance with the present invention.
A two print head system could also be configured to save on
costs but would most likely produce a less accurate calibra-
tion.

A measurement device measures one or more print
samples from each of the representative print heads and
determines values related to the optical density of the
primary inks when they are printed (206). The print samples
are created by first printing a test ramp for each primary ink.
For example, a primary ink would be printed as a gradient
of 17 patches. Accordingly, a four ink CMYK (i.e., cyan,
magenta, yellow, black) color printer would involve the
printing of 68 color patches and a six ink CcMmYK (i.e.,
cyan, light-cyan, magenta, light-magenta, yellow, black)
color printer would require 102 color patches. This test ramp
for the primary 1nk 1s measured using a spectrophotometer,
densitometer, or other accurate measuring device.

The measurement information associated with each of the
representative print heads and primary inks 1s used to create
corresponding prebuilt linearization tables (208). Generally,
these prebuilt linearization tables are generated once for
cach print head design and capture the typical range of
variation in the print head operation and performance.
Alternatively, the prebuilt linearization tables can be created
offline at speciific time 1ntervals or recreated for each new lot
of print heads manufactured. If the print heads 1n different
manufacturing lots vary, recreating the prebuilt linearization
tables for different manufacturing lots would likely improve
overall calibration accuracy.

Once the prebuilt linearization tables are created, they are
provided along with the supporting measurements to a
calibration routine also designed 1n accordance with 1mple-
mentations of the present invention where they are interpo-
lated to determine the actual linearization tables for the
primary inks being calibrated (210). By creating several
prebuilt linearization tables, primary inks from a print head
are calibrated online without printing a large number of test
patches or performing the corresponding complex measure-
ments. Estimating the actual linearization table using inter-
polation 1n accordance with the present invention provides
the accuracy necessary for calibration yet eliminates printing
and measuring a large number of test patches.

FIG. 3 1s a flow chart diagram of the operations associated
with performing a printer calibration 1n accordance with one
implementation of the present invention. The request to
calibrate the primary ink typically occurs when a printer 1s
first used, a new print head 1s installed, or the occurrence of
other events that may affect the amount of 1nk delivered by
the print head (302). For example, a printer calibration may
be helpful after a printer has been jarred during shipping
and/or delivery. The calibration may also be useful to
perform periodically as a print head ages and the 1nk ejection
characteristics of the print head changes. Further, implemen-
tations of the present invention addressing calibration 1ssues
in the printer can also be part of a larger set of routines used
to calibrate other aspects of the printer or perform setup
operations on the particular printer.

The calibration operation of implementations of the
present 1nvention selects a gray level that corresponds
substantially to a gray level at which there 1s a maximum
difference between the optical density of the high and low
print head (304). This difference in optical density is deter-
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mined by comparing L* measurement for the high print head
and the low print head at various gray levels. By selecting
the gray level providing this maximum difference, the
dynamic range being measured 1s increased and errors
caused by 1mnaccuracies of the embedded sensor are reduced.
The value of L* at this selected gray level for the low print
head 1s referred to as prebuilt L* low and for the high print
head 1s referred to as prebuilt L* high. For the nominal print
head, the value of L* at the selected gray level 1s referred to
as prebuilt L* nominal. These values are used later herein for
determining an actual linearization table for the primary ink
being calibrated and are also further described with refer-

ence to the linearization tables 1n FIG. 7.

Accordingly, one implementation of the present invention
prints a test patch for each primary ink at the selected gray
level described above (306). One test patch may be printed
for each primary 1nk to perform a calibration 1n accordance
with 1mplementations of the present invention instead of
multiple gradient patches of the primary ink. Reducing the
number or patches to be printed and measured saves a great
deal of time and resources as far fewer test patches are being
processed by the calibration operation.

An embedded sensor associated with the printer detects
and measures the test patch printed for each of the primary
inks (308). An actual L* 1s calculated based on the mea-
surements made by the embedded sensor processed using a
predefined conversion formula. Alternate terms other than
L* can be used to represent optical density of a primary 1nk.
For example, yellow can be represented using the b* term 1n
the CIE L*a*b* colorspace to accommodate for the rela-
fively lower dynamic range of L* associated with the color
yellow.

The calibration uses the prebuilt linearization tables to
create actual linearization tables based on actual L* and
prebuilt L* measurements for each primary ink (310). Pre-
built L* measurements are the L* measurements made on
the low print head, nominal print head, and high print head
at the selected gray level identified as prebuilt L* low,
prebuilt L* nominal, prebuilt high L* high and used to
generate corresponding prebuilt linearization tables. A com-
parison between the actual L* for the primary ink being
calibrated and the prebuilt L* measurements determines
whether one of the prebuilt linearization tables 1s used
directly or two are mterpolated to produce the appropriate
actual linearization table for the primary ink being cali-
brated. The resulting actual linearization table 1s used to

print a primary ink and compensate for variations in optical
density (312).

FIG. 4 1s a flow chart diagram of the operations for
generating the actual linearization table for a primary 1nk in
accordance with one 1implementation of the present imnven-
tion. The L* 1s measured for the primary ink being calibrated
when it 1s printed at the selected gray level (400). As
previously described, the gray level is selected to substan-
tially correspond to a gray value at which there 1s a maxi-
mum difference in the L* measurements made when the low
and high print head each print a ramp of test patches. In one
implementation, the actual L* for the primary ink being
calibrated 1s compared with three prebuilt L* measurements
for the primary ink printed by the corresponding low,
nominal, and high print head (402). Alternate implementa-
tions of the present invention use greater than three different
print heads and prebuilt L* measurements depending on the
desired balance between processing costs and accuracy in
generating the linearization tables.

When L* 1s equal or greater than prebuilt L* from the low
print head (404), implementations of the present invention
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use the low print head prebuilt linearization table for the
actual linearization table of the print head being calibrated
(406). As an alternative, when L* 1s greater than prebuilt L*
from the low print head, the actual linearization table can be
determined by interpolating between the prebuilt L* from

the nominal print head and the prebuilt L* from the low print
head.

Alternatively, when L* 1s equal to or less than prebuilt L*
from the high print head (408), implementations of the
present 1nvention may use the high print head prebuilt
linearization table as the actual linearization table for the
print head being calibrated (410). Also as an alternative,
when L* 1s less than prebuilt L* of the high print head, the
actual linearization table can be determined by interpolating
between the prebuilt L* from the nominal print head and the
prebuilt L* from the low print head.

Implementations of the present i1nvention interpolate
when L* of the primary ink being calibrated 1s between
prebuilt L* from the nominal print head and prebuilt L*
from the high print head (412). Specifically, implementa-
tions of the present invention interpolate between the nomi-
nal and high prebuilt linearization tables when L* 1s greater
than prebuilt L* of the high print head (prebuilt L* high) yet
less than prebuilt L* of the nominal print head (prebuilt L*
nominal). In this example, the interpolation operation deter-
mines an interpolation factor F where F=(L*-prebuilt
L*high)/(prebuilt L*nominal-prebuilt L*high) and L*, pre-
built L*high, and prebuilt L* nominal are measured at the
oray level as selected above. This interpolation factor 1s used
fo generate an actual linearization table T, where T=High
prebuilt linearization table+F*(Nominal prebuilt lineariza-
tion table-High prebuilt linearization table) (414). High
prebuilt linearization table and nominal prebuilt lineariza-
tion table are the prebuilt linearization tables corresponding
to the high print head and nominal print head respectively.

Further, implementations of the present invention also
interpolate when L* of the print head being calibrated 1is
orcater than prebuilt L* of the nominal print head and less
than prebuilt L* of the low print head measurements (416).
When this occurs, the interpolation operation determines an
interpolation factor F where F=(L*-prebuilt L*nominal)/
(prebuilt L*low-prebuilt L*nominal) and L*, prebuilt
L*nominal, and prebuilt L* low are also measured at the
oray level as selected above. This interpolation factor 1s used
to generate an actual linearization table T, where T=Nominal

prebuilt linearization table+F* (Low prebuilt linearization
table—-Nominal prebuilt linearization table) (418).

FIG. 5A depicts a test ramp used for measuring a primary
ink for a prebuilt linearization table 1in accordance with one
implementation of the present invention. In this example, 17
different patches 1n the test ramp are measured and used to
create a prebuilt linearization table useful when calibrating
a primary 1nk.

FIG. 5B 1s a graph depicting the relationship between the
input gray levels and L* measurements for a primary ink.
Essentially, as the gray levels increase from 0 to 255, the L*
value decreases as 1llustrated in FIG. 5B. This graph 1n FIG.
5B reflects that the luminosity represented by L* decreases
as the gray levels increase along a gradient.

FIG. 6 1s another graph depicting a sample prebuilt
linearization table used 1n one implementation of the present
invention. The prebuilt linearization table may be generated
once for each primary ink. Although changes in the ink
ejection characteristics of the print head may make 1t desir-
able to subsequently generate prebuilt linearization tables.
Several prebuilt linearization tables are created to represent
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the different optical density produced by low, nominal, and
high print heads. For example, a 4 color print head (i.e.,
CMYK) could have 3 prebuilt linearization tables for each
of the primary colors and a total of 12 prebuilt linearization
tables. Instead of one prebuilt linearization table, for each
primary 1nk, the 3 prebuilt linearization tables corresponding,
to a low print head, a nominal print head, and a high print
head are used 1n accordance with one 1implementation of the
present mvention.

FIG. 7 1s a graph of prebuilt L* measurements for a low,
nominal, and high print head for calibrating a primary ink.
A gray level 702 marks the point where the difference
between prebuilt L* for the low and high print heads 1s the
maximum. The L* measurement of the primary ink being
calibrated at gray level 702 1s imndicated by the “X” 1n FIG.
7 and useful when calculating the interpolation factor and
determining how to interpolate the linearization tables. Pre-
built L*low, prebuilt L*nominal, and prebuilt L* high are
also used at this gray level for calculating the interpolation
factor.

FIG. 8 1s a graph depicting several prebuilt linearization
tables and an actual linearization table 1n accordance with
one 1mplementation of the present invention. The prebuilt
linearization tables identified as low print head, nominal
print head, and high print head correspond to the optical
density measured for these different print heads. The actual
linearization table 1s mdicated in the broken or dotted line
and 1s generated by interpolation in accordance with the
present mnvention as described above.

FIG. 9 1s a block diagram of a system used by one
implementation of the present invention for calibrating a
primary ink and printer combination. In this example, sys-
tem 900 includes a memory 902, typically random access
memory (RAM), a printer engine interface 904, a processor
906, a program memory 908 (for example, a programmable
read-only memory (ROM) such as a flash ROM), a network
communication port 910, a secondary storage 912, and I/0O
ports 914 operatively coupled together over bus 916. System
900 can be preprogrammed, 1n ROM, for example, or it can
be programmed (and reprogrammed) by loading a program

from another source (for example, from a floppy disk, a
CD-ROM, or another computer).

Once 1mitialized, memory 902 may include one or more
aspects of the present invention. For example, prebuilt
linearization table generator 918 can be imncluded 1n memory
without the other components. This prebuilt linearization
generator 918 1s typically used offline to generate prebuilt
linearization tables and measurements at manufacturing
works alone while 922 and 920 work together. Interpolation
Component 922 facilitates measuring a test patch and inter-
polating the prebuilt linearization tables to create an actual
linearization table for a primary ink 1n a printer and print
head combination. Linearization component and tables 920
performs the linearization and color compensation during
printing to enhance the printing through improved color
consistency and accuracy and run-time module 924 manages
allocation of resources on system 900 while performing the
one or more operations described above.

While specific embodiments have been described herein
for purposes of illustration, various modifications may be
made without departing from the spirit and scope of the
invention. For example, not only can the present invention
be used to generate linearization tables and calibrate a
primary ink for an inkjet but similar principles and teachings
can also be applied in other print technologies including
electrophotograhic (EP) or laserjet technologies. Laser tech-
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nologies would adjust the amount of toner to be used when
printing rather than the amount of ink being applied to a
print medium. Analogous calibrations would be applied to a
laser discharge device and photoconductor drum rather than
a primary 1nk from a print head or pen used 1n 1inkjet
technologies. Further, methods and systems of the present
invention can be used 1 both thermal and piezoelectric print
head technologies and should not be limited to only one of
these 1nkjet technologies. Also, in addition to a CMYK
printer, implementations of the present invention can also
work for printers having greater or fewer primary 1nks or
colors. For example, implementations of the present inven-
tion could also be implemented using a 6 1nk printer CcM -
mYK or a black-and-white printer. Accordingly, the 1mnven-
tion 1s not limited to the above-described implementations,
but mstead 1s defined by the appended claims 1n light of their
full scope of equivalents.

What 1s claimed 1s:

1. Amethod of creating linearization tables used in printer
calibration comprising;:

receiving optical density related measurements for a pri-
mary 1nk 1n a group of one or more print heads printing
with the primary ink;

selecting from the group of print heads at least two print
heads that deliver a range of optical densities when
printing with the one or more primary 1ink;

generating prebuilt linearization tables corresponding to
the at least two print heads that compensate for different
ink drop weights printed by the at least two print heads;
and

providing the prebuilt linearization tables and at least a
portion of the optical density related measurements to
a calibration routine that interpolates the prebuilt lin-
carization tables to create an actual linearization table
for the primary ink printed by a print head.

2. The method of claam 1 wherein receiving the optical
density related measurements for the primary ink further
COMPriSes:

printing a ramp on a print medium with the primary ink

that represents an increasing range of optical density of
the primary 1nk; and

measuring the ramp on the print medium to determine the

optical density related measurements of the primary ink
produced by the at least two print heads.

3. The method of claim 1 wherein the print heads use a
print technology selected from a set including: thermal
inkjet, piezoelectric inkjet, and electro photographic.

4. The method of claim 1 wherein the at least two print
heads selected from the group of print heads are 1dentified as
printing low, nominal, and high ink drop weights.

5. The method of claim 1 wherein the primary ink 1s
selected from a set of primary 1nks including: cyan, light-
cyan, magenta, light-magenta, yellow, and black inks.

6. The method of claim 1 wherein the prebuilt lineariza-
tion tables receive an input gray level for the primary ink and
provides a compensated output gray level to allow printing
with a substantially straight-line relationship of the optical
density related measurements to the mput gray level.

7. The method of claim 6 wherein the optical density
related measurements include measurements of L* 1n the
L*a*b* color space.

8. The method of claim 6 wherein the optical density
related measurements mnclude measurements of b* in the
L*a*b* color space.

9. Amethod of calibrating a primary ink printed by a print
head, comprising:
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receiving two or more prebuilt linearization tables for a
corresponding two or more print heads that compensate
for different ik drop weights printed by the two or
more print heads;

determining a measurement related to optical density
when the print head prints the primary ink at a selected
oray level;

comparing the measurement related to optical density
produced by the print head with measurements related
to optical density when the two or more print heads
print the primary ink at the selected gray level; and

estimating a linearization table for the primary ink based
upon the prebuilt linearization tables for the two or
more print heads and the comparison of the measure-
ment related to optical density of the print head and the
two or more print heads.

10. The method of claim 9 wheremn the two or more
prebuilt linearization tables include linearization tables cor-
responding to a low ink drop weight print head, a nominal
ink drop weight print head, and a high 1nk drop weight print
head.

11. The method of claim 10 wherein the selected gray
level corresponds to a gray level that the two or more print
heads that print the primary ink at substantially a maximum
difference 1n L*.

12. The method of claim 9 wherein determining the
measurement related to optical density produced by the print
head further comprises:

printing a patch for the primary ink at a selected gray
level; and

measuring the measurement related to optical density

associated with the patch printed by the print head.

13. The method of claim 9 wherein the measurement
related to optical density mcludes an L* imncluded in the
L*a*b* color space.

14. The method of claim 9 wherein the measurement
related to optical density includes a b* included in the
L*a*b* color space.

15. The method of claim 9 wherein the selected gray level
corresponds to a gray level that the two or more represen-
tative print heads print the primary ink at substantially a
maximum difference in the optical density related measure-
ments from the two or more print heads.

16. The method of claim 9 wherein estimating the linear-
1zation table further comprises:

selecting the two prebuilt linearization tables correspond-
ing to the optical density related measurements greater
and less than the optical density related measurement of
the print head being calibrated when printing the pri-
mary 1nk at the selected gray level; and

interpolating between the two prebuilt linearization tables
to generate the linearization table for the primary ik of
the print head being calibrated.
17. An apparatus for creating linearization tables used 1n
printer calibration comprising:

d ProcCoesSsor,

a memory containing instructions that when executed
cause the processor to receive ik drop weight infor-
mation for a print head 1n a group of one or more print
heads that prints a primary 1nk, select from the group of
print heads at least two print heads that deliver a range
of different ink drop weights when printing the primary
ink, generate two or more prebuilt linearization tables

for each of the at least two print heads that compensates

for the different ink drop weights printed by the at least
two print heads, wherein two or more prebuilt linear-
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1zation tables can be interpolated to create a lineariza-
tion table for a primary ink.
18. An apparatus for calibrating a print head using
linearization, comprising;:
a Processor;

a memory containing instructions that when executed
cause the processor to receive two or more prebuilt
linearization tables for a corresponding two or more
print heads that compensate for the different ink drop
welghts printed by the print heads, determine an optical
density related measurement by the print head under
conditions comparable to the printing performed by the
two or more print heads when generating the two or
more prebuilt linearization tables, compare optical den-
sity related measurement produced by the print head
with optical density related measurements made from
the two or more print heads when generating the
corresponding two or more prebuilt linearization tables,
estimate the a linearization table for the print head
based upon the prebuilt linearization tables for the two
or more print heads and the comparison of the optical
density related measurement from the print head and
the optical density related measurements from the two
or more print heads.

19. A computer program product, tangibly stored on a
computer-readable medium, for creating linearization tables
used 1n printer calibration, comprising mnstructions operable
fo cause a programmable processor to:

receive optical density related information for a print head
in a group of one or more print heads that print a
primary 1nk;

select from the group of print heads at least two print

heads that deliver a range of different ink drop weights
when printing the primary ink;

generate two or more prebuilt linearization tables for each
of the at least two print heads that compensates for the
different ink drop weights printed by the at least two
print heads, wherein two of the prebuilt linearization
tables can be mterpolated to create a linearization table
for a printed by a specific print head.

20. A computer program product, tangibly stored on a
computer-readable medium, for calibrating a primary ink
using linearization, comprising 1nstructions operable to
cause a programmable processor to:

receive two or more prebuilt linearization tables for a
corresponding two or more print heads that compensate
for different ink drop weights printed by the two or
more print heads;

determine a measurement related to optical density when
the print head prints the primary ink at a selected gray
level;

compare the measurement related to optical density pro-
duced by the print head with measurements related to
optical density when the two or more print heads print
the primary ink at the selected gray level; and

estimate the a linearization table for the primary ink based
upon the prebuilt linearization tables for the two or
more print heads and the comparison of the measure-
ment related to optical density of the print head and the
two or more print heads.

21. A printer calibration system comprising:

two or more print heads that deliver a range of different
ink drop weights when printing a primary ink;

a prebuilt linearization table generator that creates corre-
sponding prebuilt linearization tables for each of the



US 6,851,785 B2

11

two or more print heads to compensate for the different
ink drop weights printed by the representative print

heads;

a printer having a calibration routine that performs a
measurement related to optical density of a print head
and then uses the measurement related to optical den-
sity to interpolate between two of the prebuilt linear-
1zation tables and creates an linearization table for a
primary ink printed by the print head.

22. The system of claim 21 wherein the printer uses an
embedded sensor 1n the printer to make a measurement
related to optical density when the print head prints the
primary 1nk at a selected gray level.

23. The system of claim 18 wherein the selected gray level
corresponds to a gray level that the two or more print heads
print the primary ink with a maximum difference 1n optical
density.

24. The system of claim 22 wherein the selected gray level
corresponds to a gray level that the two or more print heads
print the primary ink with a maximum difference m L*.

25. The system of claim 21 wherein the printer further
COMprises:

comparison logic that compares the measurement related
to optical density of the print head with the measure-
ment related to optical density of the two or more print
heads to print at the selected gray level; and

estimation logic that estimates the linearization table for

the primary 1nk based upon the prebuilt linearization
tables for the two or more print heads and the com-

parison of ik drop weights between the print head and
the two or more print heads.

26. The system of claim 21 wherein the prebuilt linear-
1zation tables include linearization tables corresponding to a
low 1nk drop weight print head, a nominal 1nk drop weight
print head, and a high 1nk drop weight print head.

27. An apparatus for creating linearization tables used 1n
printer calibration comprising:

receiving optical density related measurements for a pri-
mary 1nk 1n a group of one or more print heads printing
with the primary 1ink;

selecting from the group of print heads at least two print
heads that deliver a range of optical densities when
printing with the one or more primary 1ink;

generating prebuilt linearization tables corresponding to
the at least two print heads that compensate for different
ink drop weights printed by the at least two print heads;
and
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providing the prebuilt linearization tables and at least a
portion of the optical density related measurements to
a calibration routine that interpolates the prebuilt lin-
carization tables to create an actual linearization table
for the primary ink printed by a print head.

28. An apparatus for calibrating a primary ink printed by

a print head, comprising:

means for recewving two or more prebuilt linearization
tables for a corresponding two or more print heads that
compensate for different ink drop weights printed by
the two or more print heads;

means for determining a measurement related to optical
density when the print head prints the primary 1nk at a
selected gray level;

means for comparing the measurement related to optical
density produced by the print head with measurements
related to optical density when the two or more print
heads print the primary 1nk at the selected gray level;
and

means for estimating a linearization table for the primary
ink based upon the prebuilt linearization tables for the
two or more print heads and the comparison of the
measurement related to optical density of the print head
and the two or more print heads.

29. An apparatus for calibrating a primary ink printed by

a print head, comprising:

means for receiving two or more prebuilt linearization

tables for a corresponding two or more representative

print heads that compensate for the different ink drop
welghts printed by the representative print heads;

means for determining an ink drop weight when the print
head prints the primary 1nk at a selected gray level;

means for comparing the 1nk drop weight produced by the
print head with the 1nk drop weight used by the two or
more representative print heads to print at the selected
oray level; and

means for estimating the linearization table for the pri-
mary 1nk based upon the prebuilt linearization tables
for the representative print heads and the comparison of
ink drop weights between the print head and the
representative print heads.
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